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l EWK Physicsl l BSM Physics l
What to expect.

- a selection only, with focus on most recent results

- will focus on pp physics only
- see all the specialized talks at this conference for much more details

by Yuriy Pakhotin, Norbert Neumeister, Rocio Vilar Cortabitarte
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Total weight CMS: the detECtor

14000 t ECAL 76k scintillating
Diameter 15 m PbWO, crystals MUON
- ENDCAPS
Length 28.7 m HCAL Scintillator/brass 473 Cathode Strip Chambers (CSC)
Interleaved ~7k ch 432 Resistive Plate Chambers (RPC)

3.8T Solenoid

’\7/’ Si Strips ~16 m?
) / ~137k ch
~ 4
4 . 4 Steel + quartz
Bi-7 / Fibers~2k ch

-

Pixel

Tracker Pixels & Tracker
« Pixels (100x150 pm2)

ECAL ~ 1 m2~66M ch

HCAL «Si Strips (80-180 um)

MUON BARREL
Solenoid coil 250 Drift Tubes (DT) and
480 Resistive Plate Chambers (RPC)
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CMS: The Physics Objects
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Electron :

Charged Hadron [e.q. Pion)
= = = = Neutral Hadron (e.g.Neutron)
----- Photon

o(p/p;~15% at 1:-TeV

Tracker

Electromagnetic
]IX)' Calorimeter

Hadron

Superconducting

Calorimeter Solenoid

Transverse slice G(E),E ~ 3M ElGeV] +0.3%

through CMS

kon return yoke interspersad
with Muon chambers

o(p,)/p<1% @ 100GeV
o(p)/p:<10% @1 TeV

— — %
0 Barnay, CERN, Februpry 200¢

Particle-Flow (PF) algorithms use:
e, I, v, charged & neutral hadrons
as building blocks for
jets, b-jets, t's, v (miss Ey), isolation
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Thanks LHC for Fantastic 3 years!

CMS Integrated Luminosity, pp

Data included from 2010-03-30 11:21 to 2012-12-16 20:49 UTC
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Prolific 3 years

« Public physics results are available at:
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults

Showall Total QCD Exolica Searches Supersymmetry B Physics Electroweak

Top Physics Heavy lon Higgs

Standard Model

“] 233 publications
X + 28 detector papers
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Beyond the SM: B2G
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Probing QCD
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EWK Physics
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GEXBR(Z-I)[nb]

CMS Preliminary

Inclusive W/Z Production at 8 TeV

CMS Preliminary

18.7 pb™ at Vs =8 TeV

1 1 I | 1 T T 1 I

NNLO, FEWZ+MSTW2008 prediction

W XsecC [with MSTW2008 68% CL uncertainty]
1250+ 0.32 nb
Woev
12.04% 0.05,, + 0.38, , + 0.53,,,, nb Wi
Wopuv
11.79+0.04,,, +0.27,  +0.52,, nb H
W-lv (combined) "
11.88.£ 0.03,,, + 0.22,  + 0.52,,, nb
| | | 1 1 I
0 5 10 15
o(pp—W)xBR(W—lv) [nb]
CMS Preliminary \s =8 TeV
l ] T 1T T 7T I L | L T I L I LI | LI I_
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1.1r —
1.05F -
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1r —e— MSTW 2008 NLO =
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18.7 pb™' at Vs =8 TeV

N

T T T | T T T ] T T T | T T T | T T T ] T T T | T T T |
NNLO, FEWZ+MSTW2008 prediction
Z Xsec [with MSTW2008 68% CL uncertainty]
1.1340.04 nb
Z—ee
1.10+0.02,,,, + 0.05,, 0.05,,, nb Hi
Z-pup
1.13+0.01,, £ 0.03,,, £0.05,,, nb 3}
Z—ll (combined) A
1.12£0.01, £ 0.02,, £0.05,,, nb
1 1 1 | L 1 1 I 1 1 1 I 1 1 1 | L 1 1 I 1 I 1 1 L |
0.0 0.2 0.4 0.6 0.8 1.0 1.2 14

o(pp—Z)xBR(Z—ll) [nb]

Inclusive cross sections:

- At 7 TeV: experimental precision had

reached the 1% level, especially for

ratio-observables

- New 8 TeV results from dedicated

low-pile up run early in 2012

- Total uncertainty: 2-5 % (4.4 % lumi,
2-3% acceptance, 1.1-1.7% exp)
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Improving the PDF Knowledge
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< W/Z ratio at 8 TeV: 1.5 o difference with MSTWO08
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The Big Picture
Nov 2012 CMS

i ) i
: W i $ 7 TeV CMS measurement (stai®syst)
1 : 1
: o Z E i 8 TeV CMS measurement (stat®syst)
' i —— 7 TeV Theory prediction
. H —.—l
5211 © , — 8 TeV Theory prediction
- 1] E
= 1 >2 : ! =
S =2 L =
. 1 ) D : _ | | -
' i - : ! : : : -
E >3 1 o P Wy | : =
S RN L D R
a S | ro—wesmww
E ! : >4t —r— . & g
e : : : : : WZ P 3
- | : : ‘ —o— ZZ |
- EX* > 30 GeV D Ef>15GeV : : -
E T T : : .
= I <24 1 AR(y)>0.7 -
§ y 55.0 fo! 4.9 fb! L, 4.9 fb‘1i
: 36, 19 pb i 50f : 35 111" 55
JHEP10(2011)132 OMS EWK-11-009 CMS-PAS-EWK-11-010 (WZ)
JHEPO1({2012)010 CMS-PAS-SMP-12-005 (WW7),
CMS-PAS-SMP-12-011 (W/Z 8 TeV) 007(ZZ7), 013(WWS8), 014{ZZ8), 015(WV)

O Overall, the SM works at 7 and 8 TeV centre-of-mass energy
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~_Top physics

p;=61.7 GeV/c

n=138
Muon: |
pr=64.4 GeV/c:
n= 0.29 Jet:
p;=135.9 GeV/c
n=0.79
Missing E;:
65.9 GeV

Jet:
Jet: pr=51.5 GeV/c
p;=61.7 GeV/c n=-0.12
n=0.81
CMS
Run: 163480

Event: 81224410
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Top-quark Mass

CMS, 5.0 fb™, S = 7 TeV, f+jets

d Ideogram Method (lepton+iets final state): 7 TeV &

» Reconstruct m, .4 via a kinematic fit FE 3
= Event by event likelihood for fit results to be ‘B
consistent with a given m, 0.995

= Based on the p(m,|m.q) given signal 0.9
(different m,) and background, accounts all different
combinations weighted by the likelihood of the fit

........

098 | I — 0
172 173 174 175
7 TeV m, [GeV]
CMS Preliminary
CMS 2010 dilepton . T7551 4.6+ 4.6 0 Good consistency among all
JHEP 07 (2011) (L=36 pb") (val. £ stat. + syst.)
CMS 2010 lepton+jets e 173.1+21+27 measu rements
PAS-TOP-10-009 (L=36 pb™) (val. £ stat. + syst.)
CMS 2011 dilepton — 1725+ 04+ 15
arXiv:1209.2393 (L=5.0/fb) (val. £ stat. + syst.)

CMS 2011 lepton+jets 1735+04+1.0 To p mass (Gev) :

arXiv:1209.2319 (L=5.0/fb) (val. £ stat. + syst.)

CMS 2011 all-jets S 1735+07+1.3 CMS (Combination):
PAS-TOP-11-017 (L=3.54/fb) . (val. + stat. + syst.) 1 73.36 i 0-38(Stat) i 0-91 (SySt)

Tevatron 2012 combination 1732+06+0.8 TevatI’O n (CO m b | n atl O n )

arXiv:1207.1069v2 up to 5.8/tb (val. + stat. + syst.)

173.18 + 0.56(stat) + 0.75(syst)

I | I I | |
160 165 170 175 180 185
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Single Top

q t
CMS Preliminary| 12.2 fo',\s = 8 TeV Y t
LIS L LA B B B SLELELT B
CMS Preliminary, 1
TOP-12-038 1.76:+ 0.15 (stat) £ 0.22 (syst) : w+ t
CTEQSM E
' o h —
; a b b W
B s - Cross section ratio t/t-bar in t-channel
: R, =1.76 £ 0.14(stat ) £ 0.21(syst )
. MSTW08 NLO 90CL N.=4 -
HERAPDF 1.5 NLO -
. : \ & \ \ \ ,I. I: 1.0237) 354 CMS-PAS-TOP-12-035 (2013)
.NNPDF2.1 Ne=4 , - N
! —.— 1j: .94 CDF Note 10887 (2012)

Ll I Ll 1 I L1 I I I Ll 1 l L1l I I} I L1 I L1l
0.4 0.6 0.8 1 1.2 14 1.6 1.8 2 2.2 J

Ratio = o(t)/c (%)

11: 0.981 o CMS-PAS-TOP-11-029 (2012)

-
. 1j: 0.95°7
-o 00w pe pRL 107, 121802 (2011)
o

1: 086 s

1op decay: 16.7 fo- -
R = BR(t 9 Wb) / BR(t 9 Wq) — 1j: 10377

Ij: 0.97::;::’ D@ PRL 100, 192003 (2008)

D@ PLB 639, 616 (2006)

— +0.036 lj: 1.027!
= 10230036 .,

24 CDF PRL 95, 102002 (2005)
Good agreement with SM
J N\

® : 141357
World most precise measurement 0 02040608 1 12141618 2 22
R=B(t— Wb)/B(t— Wq) 95% CL
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Beyond Standard Model (BSM) Physics
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What, if anything, makes the Higgs mass light?
. QFT mi =myu" "+ Am2 P + Am? ™7 4 Am3 5~ 0(125)GeV

. . . 2 _ P\f‘2 2
« Corrections diverge quadratically Amp = — Q2 Aty +--]

Either we live in a fine-tuned Universe

H H A 2
or QFT is wrong, or there must be some ------ O— ------ Ampy = — ‘87];‘2 AGy + -]
new physics to take care of divergences -
0 neral theoretical solutions: As
3 general theoretical solutio ___,,____4_\._‘/_) _______ Am2, — - A2y +...]

(1) Supersymmetry - SUSY:

« Extra “svirtual” contributions stabilize Higgs potential.

(2) Higgs not elementary (Goldstone boson of new gauge group):

« Technicolor, composite-Higgs, ..., (little-Higgs), ...

(3) Quantum gravity sets in at ~TeV:

» Effects from hidden dims (0.1 mm to 10-19 m). = KK-towers, radion,
mini-Black Holes, ...

» All solutions imply new particles at TeV scale !
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Searching for SUSY

Light stops, sbottoms: final states include multiple jets + leptons + MET

/

(b)jets + MET | M Use 176 mutual exclusive categories

gluino mediated

bottom and top-
Event sample legend p_
. A _ _ squark production:
ZL = Zero Lepton; SL = Single Lepton; LDP = low A9Q,;.; Zee=7- e'e; | Zmm=27Z - pn';
signal sample top & W+jets control QCD control Z to vV control Z to vV control
sample sample sample sample
ZL SL LDP Zee Zmm
g Loose g
Npjet = S b-jet S
T tagging T
E,mss axis E;/ms axis E;miss axis E,miss axis E;™iss axis
ZL SL LDP :
Bin H; (GeV)  E,™s (GeV)
2
Npjer = 2 >B<'\ 1 400-500 125-150
T (HT1) (MET1)
ETmiss axis ETmiss axis ETmiss axis 2 500 - 800 150 - 250
(HT2) (MET2) | .
" EmlSS
zL st LoP 3 800-1000 250-350 Agi| Ti ;<“‘~T ________
v (HT3) (MET3) i
<
Npje2 3 S 4 > 1000 >350 Admin = min(A¢;/Tag,i)
* (HT4) (MET4) A = arcsin(o, /MET)
E;™ss axis E;™ axis E;™ss axis
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= Use global fit to extract contributions from different backgrounds
and compare predictions to data in bins most sensitive to signal

Events / bin

Observed number of events (points with error
bars) for the 14 bins with highest signal sensitivity

» No evidence for signal

Brookhaven Forum Suvadeep Bose
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CMS Preliminary, L =19.4 6", Vs =8 TeV —Fullft  -Data g-g production, g— bb % x
;1000 IR R R
N, =2, MET4 0 N, =3, MET2 50 N, =3, MET3 20 N, =3, MET4 8 CﬁS Prellmlnary 1
o T T 1 -g I N N g T T 1 g [ N § 900: \'s .8TeV —— Observed g
2350 2 45 2 18 E goof- Moriond 2013 Observed -1 634, -
0>.> 0>.> Pl S [—— ] 0>.) 16 9 o - - Expected .
80 /| w300 w w 700 wemm oo oI SO
35 Lo ... - 14 3 :
600 |« -
T 250 sob T | S _ :
(10 Sl [—— 4 ) AT
200 —_+_- Pl e — 1 10 Frd | ] 500 : ‘ " ' .
S ] S S ] 400 N HE -
40 150 -+- AAAAAAAAAAAAAAAAAAAAAAAAAAA - 20 8 “l‘ J : |: B
133 A — 6 300 i E ' ,:
100 [ == SUS-12-024 O-lep (E,+H )19.41b" = |
20 AAAAAAAAAAAAAAAAAA T-+% 10 —— R— 4 —— - 200 E : : -
50 5_ _________________ _+_ - 2 IERE—— = E — SUS-12-028 O-hp((l.‘,)“Jlb" u
- —+4 100§
0 | | | | 0 | | | _?_ 0 | | | | 0 | | | | 2
;va ;NO’JV ;va ;NC"JV RENE RN NE FUNNE R RN ENETE FER T LN 1. an
TEEE TR TEEE TEEER 800 600 700 800 900 1000 1100 1200 1300 1400 1500

gluino mass [GeV]

Excluded Gluino masses
of 1.2 TeV for LSP masses
upto 600 GeV
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H O lepton
H 1 lepton
12 lepton
M 3 lepton

M 4 lepton

Searches performed in the final

g-g production, g— tf’i?

N AR ASARE RALAE LAAA LALA) LARLE RARMH RALLS LAY RALS
% 800~ CMS Preliminary — BUS12024 Cep (Frb) 184 -
§ 700} I\Vlso:ig.;';je\zlm 3 w—— SUS-12-017 2-lep (S::b) 10.5m" ]
3-) 5 m— SUS-12-026 (MultiLepton) 9.2 b~
~ 6001 Observed -1 35"

theory At T

‘Illll‘

500
N
10~ 0-lepton+b E

.g,: g1 1}1“ “u.; y lp“i

00 600 700 800 900 1000 1100 1200 1300 1400 1500

states categorized into 0, 1, SS/ gluino mass [GeV]

OS 2-leptons, multileptons
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Gluinos of upto masses of 1.3 TeV
excluded for LSP mass of a few 100 GeV
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Dark Matter: assumed to be Dirac fermion, its
interactions with SM particles mediated by very
heavy particle, treat as point interaction
O Dark matter pair production with a jet from
initial state---> Monojet + MET or
Monophoton + MET

0 Same final state can be used to search for a
number of interesting phenomena

 ADD Large Extra Dimensions

» Unparticle models

« Light Stop

U Low mass region not accessible to

direct detection experiments _

O Limited by threshold effects, energy
scale, backgrounds

U Bounds from spin-dependent couplings
not good

O Crucial to have independent verification

from non-astrophysical experiments q

J. Feng 0801.1334v2

Oa Vv ~ 4102/Mp?
Increasing <o,v>

x=m/T (time -)

~|
~|

X 9 X

(such as collider experiments : LHC) Monophoton + MET Monojet + MET

Brookhaven Forum Suvadeep Bose
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% 107EII(;AIAISIF;III.I.“III-Z—’VV datad ven cr'10.27_i T T T T TTIrIr T T T T TTIrIr T T T T Irrr
- reliminary s
2 L ootV = " backgraund £ 10%F CMS Preliminary —— CMS 2012 vector  —
g E det=19.5fb-‘ I:l t d l E ‘2. . - r S = 8 Tev 11— CMS 2011 VedOI ]
modeils 103 — — CDF 2012 —
10° = [ Jacp — c
= Izt = o = J =195 —— XENON100 2012
wifae, T e o BI0TE oAt S
03: _______ UNP d,=17, A, = 2TeV 3 (% - = SIMPLE 2012 B
e 05 CoGeNT 2011 g
L ! 10%L === CDMSII 2011 B
= 9 o . - CDMSII2_010 _;
=3 O jpel— '
= c i
7| 8 o
300 400 500 600 700 800 900 1000 6 =
ETSS [GeV] g 1042
a O 1 I, ] L2104 =]
L | CMS Preliminary ] _ Spln Independe -
% 7; _[Ldt=19.51b".\s=8TeV - 10-48 | Ll Lol Lol
b 6: CMS Monojet (LO) 8 TeV 1 10 102 103
EO E -------- CMS Monojet (LO) 7 TeV, 5 fo’ E “ﬂx [GeV/ C2]
5 k@ e LEP -
: 90% CL upper limits for Dark matter mass

_MP12 s MD¢5+2R5
Mp< 5 TeV excluded for ADD n=2
Mp< 2.9 TeV excluded for ADD n=6
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Microscopic Black Holes

CMS ys = 8 TeV L=121fb"
Multiplicity N > 8

« Smoking gun signature of TeV scale quantum

gravity _ 4 Data N>8
. . o — Background
« BH produce large number of energetic objects - Uncertainty

[ ]
Events / 10_(3 GeV
<

----- Mp=1.5TeV,M]'=55TeV,n=6
e Mp=2.0TeV,MI"=5.0TeV,n=4
— My =25TeV,MI"=4.5TeV,n =2

S; = scalar sum of all objects with p>50 GeV+MET
Search for deviation in S; distribution in bins of 1o*
object multiplicity (N at least > 2)

Use ST spectrum from N=2 to predict QCD

. 101 .
background at N=3,4,5,6,7,8,9,10 where signal - ol A,
would be present i 1“:"1”1;[ et
CMS js=8TeV  L=12.1fb" e H L o
’?‘: - :lllllllllllllllllllllllllll1_lJLL:I.I!.El
L CMS s = 8 TeV L=12.1fb" 2500 3000 3500 4000 4500 5000 5500
£ 6 : S, (GeV)
= B i > Multiplicity N> 8
E B N - 8 == QObserved
§ 5.5'_ 3 [ Expected t 1o .
G N . n=4| & fF e Expected + 20 0 No excess observed in
& i data
B : O Set model independent
pa The area below each | upper limit on the
L BlackMax : Sl . .
[+ Nomrotating  CUTVE-IS_€XCluded By "¢ minimum BH mass of
- .=.Rotating  thiS search. i 4.3—-6.2TeV
B Rotating (mass and angular momentum loss) " _I T
—I | 111 I L1l | 1111 I 1111 I 11l | 1111 | 111 I 1 10 2000 3000 4000 5000

15 2 25 3 35 4 S (GeV)

4.5 5
M (TeV)
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BSM Searches: High-Mass Resonances

"Simple” procedure:

Reconstruct pairs of high-pT objects: jets, leptons, bosons, ...

Look at invariant mass tails for deviations from smooth SM backgrounds.

Interpret (lack of) excess within (simplified) BSM models: Set limits to New physics

wn =

% IOBg J = o ! ! ! ! ! ! ! ! h >107¢Msrml'mlmr'y ' ,JL.‘-”"]" i CMS Praliminary, 19.5 i’ at 15 = 8 TeV
i — oS Prefmicary, 8TeV. 2080 35 1 . . T o {® e oo > B R e L ABAS Rasacvs
9 105'!" u “ e DATA ;g 3 J_J Fe 1: 510° W e M=2300 Gev .“’. .oco 8 . oviats N >1 €. SegheToy
@ E S 10k . ——— W - o M=500 GeV 10 e Wik o 21T 1YY
] ‘0‘!‘ DTQ"I"I' = E arome E lﬁo—muup[jw.m, WM e T ]
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BSM/Exotica: Outlook for Run2
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Higgs Results
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Y Gluon-fusion: dominant

T T I T L] T
\s= 8 TeV

o(pp = H+X) [pb]

Brookhaven Forum

L1
180

| L1l

1
| Illllll

LHC HIGGS XS WG 2011

1
LHC HIGGS XS WG 2012

| lllllll

|

Higgs BR + Total Uncert

1 IIlIllI

|
200

M, [GeV]

VBF & associated prod.: harder H, more jets

«Cleanest» channels: H — v's, leptons
Large x-section channels: H - WW, tt,bb
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N

Mass |N events
125GeV signature S/B . Good For
£ g / Resol. |in 20fb
i ~10N°>
H— b b two b-.jets, ZorW, low 0% 10 c?uplir\gs to
bb inv. mass 0(0.1) ~50 (sel) ermions
low ~10% .
H —TT had tau, leptons, MET 15% couth‘gs to
0(0.1) ~40 (sel) fermions
two leptons with . 103 -
H—WW opposite charge medium ) 10 cross section, BR,
MET 0(1) ~120 (sel) couplings to V
H _}vv tW(? p.hotons low 204 300 H mass, .couplings
peak in inv. mass 0(0.1) ~400 (sel) | Kk discovery
four leptons wi.th .right high 10
H —bzz charge peaks in inv. 1-2% H mass, discovery
mass (Z1 and Higgs) >1 ~12 (sel)
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10

ent
d: Wed May 23 21 09:26 2012 CEST
94789 / 164079659

18

pl—‘—l—l—qllllllllllllIII|IIII|IIII|IIII

CMS Preliminary fs=7TeV,L=561fb";ys=8TeV,L=19.6 b
> 35 T | T T T | T T T ] T T T | T T T I T T T
8 ¢ Data 4
o 30 B z+x .
2 Ozrzz
GCJ 25 126 G V—"
> m_= eV
e [Jm. ]

20

Clean signal

[ peak at

~126 GeV

nggS Mass 0= 80 100 120 140 160 180
L) 1opSEney e .L,<5.1.f.b. fi-am Lzt m, [GeV]
H N ZZ = Combined
E o — H =S ZZ > 4e o) 1ET
< s — H->Z2Z >4 S10'F
A 81 — H->2ZZ > 2e2u (510.25:*‘.*** —_——
' - ] > E )
7F = S10°%s Y
g ] =10 s\ /T
5 —: =10%  AG 0 iE
‘ 5 107 :
4 - —: 1 0-8 %_ Observed m,
3:_ _: 101.;)% stervedm‘l,KD
2 ;— —; 11%_11 21 z: ------- Expected '
1k 1 10 é—""“"r‘“'c'mgﬁemn?n;ry
El\lllllll'\llm%uu ||||||||||| E 10-:i%_ \‘:::.‘. ‘..‘. H._)ZZ._)4[ v
P20 124 128 130 132 10:155— Lo ETTe f;sf;’b“;‘
my (GeV) P I TR § DI

my = 125.8 + 0.5(stat.) £ 0.2(syst.) GeV
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CMS Experiment at LHC, CERN
Data recorded: Sun May 13 22:08:14 2012 CEST

= Two energetic isolated photons

= Very good mass resolution

Run/Event: 194108 £ 564224000
Lumi section: 575

MVA y ID

= Backgrounds
* Direct yy production
 Fake photons

* Two independent analyses
pubic with full data

v

Cut based(CiC) y ID

Categorization
on diphoton MVA

v

v

Categorization
onn/R9

\J

Mass factorized MVA
(main analysis)

Exclusive categories
(jets,leptons,MET)

Exclusive categories
(jets, leptons,MET)
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20000 Cus prefimnary | - Daa
G [ Vs=7TeV,L=5.11b" (MVA) S+B Fit ]
L - s=8TeV, L=19.61b" (MVA) DB:‘?’ Fit Component ]
:4000_ =20 4
2 :
83000/ ]
23000 .
w i —
B ]
£2000¢ .
o) r -
2 _
1000} E
m -
+ r *
12 C ]
B 0 PRI YT B TS S S TS S '
% 110 120 130 140 150
m,, (GeV)

Peak visible @ ~ 125 GeV
Expected 4.2 o ,Observed 3.2 ¢

Local p-value

{OMSNs=7TeV, L=5.1 " \s=8TeV. L =196 b’ 25
SRR RN RAREN AR ..,;u.,.. T EZ-CMSpreIImInary Dmanw
il e D b Lé “\s=7TeVL=51fb" :
= S ; T = E 5
105 " N \ O g 1e=8TevL=19510"
S i L, EF |
= .._': 1M 120 - e
2L . o
10 o 3 -
| ‘3 o5
: { p-value .4 s
10° - " = of
. o ] -0.5f- s
-4 L “.. _________________ o _ E i -
104 ", T A -
- - G - H
R T === Exp.forSMH | - +0 28 i
% 1 T \s=7TeV _ -15 lL 0 78 20,26
E CMS prellmlnary (MVA) —8TeV 3 ':‘ i i l i [ i l
lllllllllllllllllllllllllllllllllll - 0 115“ 1m 1§ 130 135 i 140 145 A

110 115 120 125 130 135 140 145 150
(GeV)

Difference between the analyses
> Due to fluctuations of the large

background

= Signal strength compatibility

estimated with Jackknife

resampling within 1.50
(for both 7+8 TeV)
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Signal strength
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150
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| I
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S F g 4
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C Py
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H->WW->2l2v

nt at LH
s ata rec Thu Apr 19 og 142012 CEST
C i un/Eve 21/ 7608

= Two high-p; isolated leptons and moderate MET
= Split data into two categories

- Different-Flavor (DF), Same-Flavor (SF)

- No jet, 1-jet

= Two approaches: cut-based and shape-based
Use 2D (M,,— M;) to separate signal from
background for DF shape-based analyses, counting

method for the rest; M; \/gpﬁrﬁ MET cosA¢gr vET
30

JR

No | LI I LR I LB | L ] UL ] L 4: o
3 - 1 2 F 1 & T CMSPreliminary ... pecte
% 350 |~ - data — m,=125 GeV CMS Preliminary — bw102 L — observed CMS preliminary—= c [ (s=7 T;‘e’, T::gqu o Zb::e:
O - Bl H125 W Wijets 5=8TeV,L=195m" ] 3= g 1 @ | e - - ]
o :_ = Top 'ss; 7;\’/ L-=4§m" _: © [ --- median expected H-— WW — 2I2v (shape-based)] O 251~ Hs—_»aw-:-;‘ilz]EJ:/}s.;; —— Injection m =125 GeV |
~ 300 . s A 1 = i
- - W 2y ww : S | W expectedt 1o L=49fb'(7TeV) +195f" (8TeV)| "= | [ iection- 10
@ - A stat@syst. Ojetep - . expected + 26 [@)] L [] miection« 20
§ 250~ -'g 10 4 @ 20 -
ot Clear excess visible {5 -
200 . -
- 10 \ 151~ .
- 5 C
150 o=y 15 T - ; .
- \ m o . :- v“ -
- b 10— H B —
100 :I. % - - C ]
1 Sﬁ 10"} ]
50— ] i 1 I S, -
- *a.g+ . SRR RNE RRRRRTRTTL ITRTITIIT FOTTIIn o —
ob e 110 200 300 400 500 600 ol NI R
Z.5F m, [Ge
Z 15 E - N H
% . ; __\._;.m w\\\;*\*\\\\mg\ AN \\K\
S 08t Exclude 128-600 GeV |5.0 o expected , 4.1 o observed
0 300 oy .
™ (GeVicH at 95% C.L Second most sensitive final state!
I
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CMS Preliminary, \s=7-8TeV, L=243 fb!
T T T T v

- .

;‘ 25 - 1.0 —&— Data - Background 4
[] - € LLe-T LT ST Ty, @888 Exo Uncontainty
G Z SM Higgs (125 GeV)
~N L
— -

e 20T

100 150
m, [GeV]

—e— Observed o
“ZZ== SMHiggs (125 GeV) 1

S/B Weighted dN/dm
1

[ Z—tt
5k  m— ]
i B olectroweak
/3 aco
0 C P
0 100 200 300
m_ [GeV]

1-jet and VBF categories
for ey, ey, y1,,, @and 1,1,

my = 120%9, (stat+syst) GeV
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c - [ + o expected .
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—e— observed
— H(125 GeV) expected

[ + 1o expected
+ 26 expected

140
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130
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1 CMs Preliminary, H—t 7, L=24.3 fb™
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— T T T
e Hu
__Signal strepgth
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O Soon will be updated

with full statistics
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Summary of all channels

Decay |Expected| Observed
H->ZZ 710 6.7 0
H-= vy 3.90 3.20
H-> WW 5.30 3.90
H->bb 220 200
H - 1t 260 2.80
H->rttand| 340 340
H > bb

@ will be updated by LHCP
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Combined significance (local p-value):
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Spin parity

O So far we know the observed particle (assuming just one particle)
» Xis a boson (decays to vy, 4l etc)

= X can not be spin 1 (decays to yy + Landau-Yang theorem)

= X can not be 100% 0O- (from 4l correlations) [PRL 110, 081803 (2013)]

O Further tests in ZZ(41) and WW(lvlv) channels with full data on a few
reasonably well motivated JP hypothesis (“pure” states only) w.r.t. SM Higgs

« Using kinematic distributions to distinguish o 7
different signal models o NI . E
— Probe different amplitude structures W TE o a0 m, =126 Gev ]
« Test compatibility of data with distinct mode  5- EZ’XZY g
(Neyman-Pearson hypothesis testing) af E
» Null Hypothesis always SM Higgs 35 -
o Discriminator D  to separate SM Higgs 2t
hypothesis from alternative hypothesis i
o Discriminator Dbkg to separate SM Higgs frc F ]
backgrounds % 0.10.2 0.3 0.4 05 0.6 0.7 0.8 0.9 1

Dy
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Spin Parity (combination)

JP production comment

0- gg 2> X pseudoscalar

0, gg 2> X higher dim operators
2 e 1882 X minimal couplings
2 |99 > X minimal couplings
1- 99 > X exotic vectors

1" 99 > X exotic pseudovector

O Expected results with p=1

ZZ

6.8%

Comb
0.2%

O Observed results at measured p

ZZ

1.4%

Comb
0.6%

Probability density

CMS preliminary Ys=7TeV,L=51fb" ys=8TeV,L=1961b"
rrrryrrrrrryrrrrryrirorTd L L

0.1F
0.08]-
0.06]
0.04f-

0.021—

0

obs. value weaker than exp.
for WW due to best fit uy < 1

obs. value better than exp.
for ZZ due to a fluctuation

12:(99)
— CMS data

10 20
2xIn(L .
2,,(99)

(CLE*=06%) |

30
/L,)

The observation is very compatible with SM Higgs expectations (0%)
O Data disfavors the 2*_ (gg) hypothesis with a CL value of 0.6%

Brookhaven Forum
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O Signal strengths are consistent with SM prediction

Combined
u=0.80+0.14

H— bb
nw=1.15+0.62

H— 1t
1w=1.10% 0.41

H— vy
w=0.77+0.27

H— WW
u=0.68+0.20

H—- ZZ
n=0.92+0.28

\s=7TeV,L<51fb' \s=8TeV,L<19.6 b’

CMS Preliminary m, = 125.7 GeV
pg,, = 0-65

11 11

Best fit 0/(5

u=0.80£0.14

Brookhaven Forum

uVBF,VH

CMS Prellmlnary |s 7Tev L<51fb \s=8TeV,L<19.6fb"

6 ' | |

|||||||||

+ Ho1
i + H-WW
i + H->2ZZ
41 4+ H-bb
i + H-ovyy
0 v -
1 1 1 1 l 1 l 1 1 1 l 1 l I 1 l 1 l
-1 0 1 2 3

The 68% CL intervals MggH,ttH

for signal strength
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The Mass of the Observed State

—_
o

CMSPrellmlnary |s 7 TeV, L<51fb \s 8TeV L<196fb

llllllllllllll

FH— vy + H —ZZ
K, (9gH.ttH),
pW(VBF,VH)

_ Comblned
— H->yy
— H->2ZZ

= N W s~ OO0 OO N @ (0
gy T T rrrrprTey rTrrrrTrrTTrTry ey TI111TTTT

o
LI

H->2Z - Al

N

Very small systematics due the very good control of
the leptons scale and resolution:
my, = 125.8 £ 0.5 (stat.) £0.2 (syst.) GeV

H - vyy:

Systematics on the extrapolation from
the Z > eeto H = yy (0.25% (e to y), 0.4% (Z to

H))

=1254+0.5 (St%)mgrm.nﬁ (s7¥st )sGe

0/0g),

m, = 125.7 £ 0.3(stat) £ 0.3(syst) GeV
=125.7 £ 0.4 GeV

Brookhaven Forum
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eV, L

1 \s=8TeV,L<19.6fb"

T T T

H _) vy + H 4 Y4 %+ Combined
H
2.0_ + H-vy
- + H->ZZ
1.5/ .
1.0 -
0.5/ .
—I | I 1 1 1 1 I 1 ! 1 1 | 1 1 1 | I 1 1
0.0 124 125 126 127
my (GeV)
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Test of Fermion and Vector Boson Couplings N

20 CMS Preliminary {s=7TeV,L<5.1fb" \s 8TeV,L< 196fb CMS Preliminary \s=7TeV,L<51fb" \s=8TeV.L<19.6 fb"
o 1.85 Kys Kfl @ my = 125 7 GeV gz | 0 SMHiggs @ Fermiophobic [ Bkg. only
16F e \ - f //
1.4 ,.o"."// \\ ) g - 15 B | B
n 5 ] TE o5
1.2] i \ i . _ s
1 0:_ 'I \l _: : E / Ho1t1t
Ot L 1 1
0.8 \\ //, g i |
0.6F AN = !
0.4 :_ \“.' \./." o —: 0.5 _
A S . i H— bb
0.2f . ; l
0 Ohl L1 NI B R N I [ ; 08 : O 5 . 1 : 1 5
0.0 0.5 1.0 1.5 ' Ky :

4
<

Including individual channel

F(H->yy) ~ |a ky + B K¢ |? . . -
a/f=-0.2 O Consistent with SM prediction

lesm =0
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Conclusions and Outlook

« CMS has contributed in a significant manner to probing nature at the TeV scale

« CMS have given extensive proof of being able to deliver, at high quality and
over short time scales

» this promises well also for the coming years

« CMS discovered the first fundamental scalar field

« Spin-parity results are consistent with the SM Higgs and disfavor other
considered scenarios

« Signal strengths are consistent with the SM prediction as well.
 Mass of the new boson is 125.7 * 0.4 GeV

» More results to follow later this summer

« Alot of experience with data analyses at Run 1

« Rather complex searches, pushing capabilities of the hardware to its fullest (but
still a lot of things can be improved for Run 2)

* No evidence for physics beyond the SM so far — searches will continue

* Is new physics that control the Higgs mass is right around the corner? Or do
we live in a very unnatural Universe?
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Back up slides
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2.0_ """"" [T T T T T 7T [T T T T T 7T [T T T T T 7T ] | 5.0 y AR JERRRRRERN ]
o 1 .85— “r ¥ —f £ 4_5i_ Ky Kg’ BR — Observed é
- . < - --Exp. for SMH |7
1.6 ] Al 4.0:— - -
1.4 : 3.5 .
12F . e = 3.0F ) =
F T D R TS N - ! .
.. 7 .~'~ — [— ]
1.0 3 / \\\...\ E 25; BRBSM <06 ]
08} \\\ Vs g 2.0f @ 95% CL -
06:_ .................. \ “\\___// ) _: 1.5;_ _;
ol T— k ol
0.2 ] 05 /. -
B I I I I S | | | S I T | | | S I T | | | S I T I | a : —I’I‘I’I’I’I 1 | 1 1111111 | | L1l l | T | | L1111l I:
%80 05 10 15 20 0002 04 06 08 1

Ky BRgaswm
Effective couplings to gluons and photons.

Note best fit k, ~1, with k; < 1 in line with y <1 | Loop-induced couplings free
in VV modes as well. (ky,Kq profiled). Allowed for extra
Mgsv = 0. particles in loop, i.e. extra width
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Comparison of latest CMS & ATLAS results

N

ATEAS —" Inclusive (o) Signal Spin/
Channel Lumi Lumi Specialty . mass [GeV] | Strength .
[1/fb] [1/b] signature | Obs. (Exp.) ¥ Parity
124.3 +0.6 (stat
mass, 6.6 (4.4) 205 (s,‘s, M ss04 J
H=2>ZZ-4l |4.6+20.7|5.1+19.6 | discovery, 4 leptons
spin/parity 6.7 (7.2) |125.8+0.5(stat) | 0.91+0.30-0.24 J
+0.2 (sys)
cross 3.8 (3.7) consistent 1.01+0.31 J
H- WW - 212y |4.6+20.7| 4.9+19.5| section, | 2 'z’é‘;"s' _
coupling 4.0 (5.1) consistent 0.76 + 0.21 J
.8 +0.
mass, 7.4 (4.1) 126:43)_7 (_fygta" 1603 J
H=vyy 4.8+20.7 | 5.1+19.6 | discovery, | two photons
couplings 3.2 (4.2) [1254:0.5 (stat)| 0.78+0.28-0.26 _
+0.6 (sys)
S hh coupling to two b-jets - consistent -04+1.0 -
fermions 292 (2-1) consistent 1.3+0.7-0.6 -
Hepor ey couplings haigzosmc 1.1 (1.7) consistent 0.8+0.7 -
t0 leptons leptons, MET| 2.9 (2.6) e 1104 -
CMS ATLAS

Brookhaven Forum

Suvadeep Bose




